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(54) Low resistance fill for deep trench capacitor 

(57) Trench capacitors are fabricated utilizing a 
method which results in a metallic nitride as a portion of 
a node electrode in a tower region of the trench. The 
metallic nitride-containing trench electrode exhibits re- 
duced series resistance compared to conventional 



trench electrodes of similar dimensions, thereby ena- 
bling reduced ground rule memory cell layouts and/or 
reduced cell access time. The trench capacitors of the 
invention are especially useful as components of DRAM 
memory cells having various trench configuration and 
design. 
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Description 

Fietd of the invention 

[0001] The present invention relates to the manufac- 
ture and design of trench capacitors for integrated circuit 
devices, especially capacitors for use in dynamic ran- 
dom access memory (DRAM) cells and advanced mem- 
ory devices containing the same. 

Background of the Invention 

[0002] Generally, a semiconductor memory device 
such as a dynamic random access memory (DRAM) cell 
comprises a plurality of memory cells which are used to 
store large quantities of information. Each memory cell 
typically includes a capacitor for storing electric charge 
and a field effect transistor (FET) tor opening and clos- 
ing charge and discharge passages of the capacitor. 
The number of cells (and corresponding bits of memory 
capacity) of DRAM integrated circuit chips has been in- 
creasing by approximately 4x every three years; this has 
been achieved by reducing memory cell size. Unfortu- 
nately, the smaller memory cell size also results in less 
area to fabricate the capacitor. 

[0003] Moreover, as DRAM cell dimensions are 
scaled down with each successive generation, the 
cross-sectional area of the deep trench storage capac- 
itor diminishes inversely with the square of the ground 
rule, while the trench depth has remained approximately 
constant. This change in trench geometry results in a 
large increase in the series resistance contributed by the 
polysilicon electrode contained within the deep trench. 
The increased series resistance, in turn, may adversely 
limit the speed at which the corresponding memory cell 
can be accessed. 

[0004] One approach known in the prior art to de- 
crease the series resistance of DRAM trench capacitors 
is to increase the doping concentration of the deep 
trench polysilicon. This approach however only provides 
a marginal reduction in series resistance and thus has 
limited applicability in fabricating DRAM cells of de- 
creased dimension. 

[0005] In view of the state of the prior art, there is a 
continued need for new manufacturing processes and/ 
or designs which more effectively address the problem 
of series resistance in the context of trench capacitors 
and devices incorporating such capacitors, e.g. DRAM 
chips. 

Disclosure of the Invention 

[0006] The present invention provides trench capaci- 
tor structures and methods of fabricating trench capac- 
itors wherein the distributed series resistance of the 
deep trench electrode is substantially reduced for a giv- 
en geometry. 

[0007] The present invention also provides trench ca- 



pacitor structures and methods of fabricating trench ca- 
pacitors wherein the capacitance of the deep trench 
electrode is substantially increased for a given trench 
geometry. 

5 [0008] The present invention further provides a trench 
capacitor structure which can be used in conventional 
DRAM memory cells as well as advanced memory cell 
devices. 

[0009] In one aspect, the present invention encom- 
10 passes a process wherein a metallic nitride liner is 
formed in the lower trench region of a deep trench ca- 
pacitor. Specifically, the process of the present invention 
comprises: 

*s (a) providing a semiconductor substrate having (i) 
a deep trench region therein, said deep trench hav- 
ing an upper region and a lower region, («) at least 
one pad layer formed on a surface of said semicon- 
ductor substrate, said pad layer being adjacent to 

20 said deep trench region, (iii) a first node electrode 
in said semiconductor substrate about said lower 
region of said deep trench, and (iv) a conformal 
node dielectric lining said deep trench at said first 
node electrode and overlying said pad layer; 

25 

(b) forming a layer of doped polysilicon on said node 
dielectric; 

(c) forming a layer of a metallic nitride on said layer 
30 of doped polysilicon; 

(d) planarizing the structure resulting from step (c) 
stopping at said pad layer; 

35 (e) removing said node dielectric, said layer of 
doped polysilicon and said metallic nitride from a 
portion of said upper region of said deep trench to 
form a recess; 

^0 (f) filling said recess formed in step (e) with amor- 
phous silicon; and 

(g) planarizing said structure formed in step (f) stop- 
ping at said pad layer. 

45 

[0010] In one embodiment of the present invention, 
the deep trench is a bottle-shaped trench having a nar- 
row upper region and a broad lower region. Such bottle- 
shaped trenches can be formed by an isotropic etch 
50 process which selectively removes material in the lower 
region of the deep trench but not the upper region of the 
deep trench. 

[0011] Another aspect of the present invention relates 
to a deep trench capacitor structure having a metallic 
55 nitride in the lower region of the deep trench. It should 
be noted that the term "deep trench" is preferably used 
herein to denote a trench having a depth of from about 
3 to about 10, more preferably 6-8, u.m. The capacitor 



BNSDOcirv. <pp osKmfiAA? \ > 



2 



3 

structure of the present invention comprises (a) a sem- 
iconductor substrate having a deep trench region there- 
in: (b) a first node electrode in said semiconductor sub- 
strate about the exterior ot said deep trench region; (c) 
a node dielectric layer lining said trench and covering 
said first node electrode; (d) a second node electrode 
comprising a layer of doped polysiiicon conformal to an 
interior wall of said trench over said node dielectric and 
a layer of a metallic nitride material conformal to an in- 
terior wall of said doped polysiiicon. 
[0012] In a preferred embodiment of the present in- 
vention, the deep trench is a bottle-shaped trench hav- 
ing a narrow upper region and a broad lower region. 
[001 3] A further aspect of the present invention is di- 
rected to advanced memory cell devices which contain 
at least the DRAM cell structure of the present invention 
as one of its components. 

Brief Description of the Drawings 

[001 4] The invention will now be described, by way of 
example only with reference to the accompanying 
drawings, in which: 

Figs. 1(a)-(e) are schematic cross-sectional views 
of a bottle-shaped storage trench capacitor struc- 
ture containing a metallic nitride material as part of 
the second node electrode which is formed from the 
processing steps of the present invention; and 

Fig. 2 is a schematic cross-sectional view of an ad- 
vanced memory cell which can be fabricated from 
the capacitor structure shown in Fig. 1(e). 

Detailed Description of the Invention 

[001 5] The present invention will now be described in 
greater detail by referring to the drawings that accom- 
pany this application. It should be understood that the 
present invention is not limited to the specific structures 
illustrated in the drawings. While the drawings illustrate 
a bottle-shaped trench, the present invention may be 
practised using trenches of other shapes and/or ge- 
ometries as well as employing alternative techniques as 
described below. It should also be understood that the 
present invention is not limited to any specific dopant 
type provided that the dopant types selected for the var- 
ious components are consistent with the intended elec- 
trical operation. Moreover, it should not noted that the 
dopant types of the various doped layers should be the 
same as the source-drain diffusion of the array MOS- 
FET. 

[0016] Figs. 1(a)-(e) show various processing steps 
that may be employed in the present invention for fab- 
ricating a DRAM cell capacitor structure of the present 
invention. Specifically, Fig. 1 (a) shows a cross-sectional 
view of an initial bottle-shaped trench structure that is 
employed in step (a) of the present invention. The bottle- 



shaped trench structure shown in Fig. 1 (a) comprises a 
semiconductor substrate 10 and one or more pads lay- 
ers 1 4. For example, pad layer 14 may be composed of 
an oxide pad, e.g. SiO 2 , a polish stop pad such as S^N 4 . 
or a combination thereof. When a combination of pad 
layers is employed, it is preferred that the oxide pad be 
formed directly on the semiconductor substrate utilizing 
a conventional deposition or thermal oxide growing 
process and then the polish stop pad be formed over 
the oxide pad by conventional deposition processes in- 
cluding chemical vapour deposition (CVD), plasma-as- 
sisted chemical vapour deposition, sputtering and other 
like deposition processes. The various pad layers act as 
a protective layer during a subsequent etch step used 
to form trench 16. 

[001 7] As shown in the drawings, trench 1 6 preferably 
has a narrow upper region 1 6a and a broad lower region 
16b. Other trench configurations besides the bottle- 
shaped one illustrated in the drawings are also contem- 
plated herein. Thus, it is also within the scope of the 
present invention to provide a deep trench which has 
the same widths at both the upper and lower regions. 
[0018] Semiconductor substrate 10 may be formed 
from any conventional semiconducting material, includ- 
ing, but not limited to: Si, Ge, GaP, InAs, InP, SiGe, GaAs 
or other II l/V compounds. Of these semiconducting ma- 
terials, it is highly preferred that semiconductor sub- 
strate 1 0 be composed of Si. 

[0019] At broad lower region 16b. there is also shown 
a first node electrode 18 such as a buried plate out-dif- 
fused region and a node dielectric layer 20. The node 
electrode is located within semiconductor substrate 10 
and it is about the exterior ot the trench. The node die- 
lectric, on the other hand, lines the interior of the trench. 
35 Narrow upper region 16a, preferably contains an oxide 
collar 12 which may be formed by local oxidation of sil- 
icon (LOCOS) or any other technique. 
[0020] The node dielectric material which comprises 
a material such as silicon nitride is deposited into the 
40 trench as well as on the exposed surface of pad layers 
14 using conventional deposition processes including 
but not limited to: chemical vapour deposition, low pres- 
sure chemical vapour deposition, plasma assisted 
chemical vapour deposition and other like deposition 
45 techniques. The surface of the node dielectric layer is 
typically oxidized using well known oxidation conditions. 
The th ickness of the node dielectric may vary depending 
on the ground rule ot the memory device being fabricat- 
ed. Typically, the thickness of the node dielectric layer 
so is from about 2 to about 6 nm. 

[0021] The initial bottle-shaped structure shown in 
Fig. 1(a) can be fabricated using conventional tech- 
niques that are well known to those skilled in the art. For 
example, the bottle-shaped trench structure of Fig. 1 (a) 
ss can be fabricated using the processes disclosed in U. 
S. Patent Nos 4,649,625 to Lu; 5,658,816 to Rajeeva- 
kumar; and 5,692,281 to Rajeevakumar. The first node 
electrode, i.e. buried plate, may be formed by any con- 
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ventiona! technique of diffusing the appropriate conduc- 
tivity type dopant through the trench wall, See for exam- 
ple, the technique described in U. S. Patent No. 
5,395,786. 

[0022] After providing the above described structure, 
a doped poly silicon layer 22 is formed over node dielec- 
tric 20, see Fig. 1 (a). The doped polysilicon layer serves 
as a buffer between node dielectric 20 and metallic ni- 
tride layer 24 (to be deposited next). The doped polysil- 
icon layer is preferably a heavily doped layer which con- 
tains from about 1x10 18 to about 1x10 21 atoms/cm 3 of 
a dopant atom. The specific dopant employed is the 
same type as that used in forming the source/drain dif- 
fusion regions. Doped polysilicon layer 22 is formed by 
a conventional deposition process such as CVD which 
is capable of forming a conformal layer. 
[0023] in accordance with the next step of the present 
invention and as is also shown in Fig. 1(b), a metallic 
nitride layer 24 is formed over the entire surface of 
doped polysilicon layer 22. The metallic nitride layer em- 
ployed in the present invention is composed of any me- 
tallic nitride which is capable of withstanding the hot 
processing steps which are customarily used in DRAM 
manufacturing. Moreover, the metallic nitride layer is 
composed of a material which does not react with, nor 
degrade the node dielectric layer. In accordance with the 
present invention, the metallic nitride material employed 
preferably has a resistivity of from about 1 to about 1 000 
|.iohm-cm. More preferably, the material employed in the 
present invention in forming metallic nitride layer 24 has 
a resistivity as low as possible. Suitable materials which 
can be employed as the metallic nitride layer include, 
but are not limited to: TiN, TaN, TaSiN and WN. A highly 
preferred material utilized in forming metallic nitride lay- 
er 24 is TiN. 

[0024] The metallic nitride layer is formed on the sur- 
face of doped polysilicon 22 preferably by using a con- 
ventional deposition process which is capable of provid- 
ing a conformal layer of the same. Suitable deposition 
processes include, but not limited to: chemical vapour 
deposition and low pressure chemical vapour deposi- 
tion. It should be noted that metallic nitride layer 24 to- 
gether with doped polysilicon layer 22 form the second 
node electrode of the trench capacitor structure. 
[0025] In one embodiment of the present invention, 
the deposition processes employed in forming metallic 
nitride layer 24 are such that void 26 is formed in the 
lower region of the trench. If the deposition conditions 
selected do not result in the formation of a void, a void 
may be formed or expanded using an etching technique 
as described in U. S. Patent No. 5,692,281, after the first 
planarization step mentioned below. It should be under- 
stood that although Fig. 1(b) shows the void being 
present, trench capacitor structures not containing the 
void are also contemplated herein. 
[0026] The structure of Fig. 1 (b) is then planarized us- 
ing conventional planarization techniques which are ca- 
pable of forming the planar structure shown in Fig. 1(c). 



Specifically, chemical mechanical polishing or etching 
can be employed in the present invention so as to re- 
move metallic nitride layer 24, doped polysilicon layer 
22 and node dielectric layer 20 that are formed over the 

5 semiconductor substrate stopping at pad layers 14. 
[0027] After planarization, the deep trench is re- 
cessed, as shown in Fig. 1 (d), so as to remove a portion 
of node dielectric layer 20, doped polysilicon 22, metallic 
nitride layer 24, and if present, collar oxide 12 from the 

io upper region of trench 16. The recess process may be 
carried out utilizing any suitable conventional anisotrop- 
ic or isotropic etching process. Alternatively, a combina- 
tion of anisotropic and isotropic etching may be used to 
recess the various materials from the upper region of 

'5 the trench. Examples of suitable etching techniques that 
can be employed in the present invention, include: ion 
enhanced etching, ion induced etching, plasma etching, 
reactive ion etching, reactive ion-beam etching, micro- 
wave plasma etching, chemical etching, wet etching or 

20 other like etching techniques. The recess is preferably 
performed by a plasma etching process utilizing a hal- 
ogen such as chlorine or fluorine as a reactive etching 
gas. 

[0028] After recessing some of the material from a 
25 portion of the upper region of the trench , the recess area 
of the trench capacitor structure is then filled with amor- 
phous silicon 28 utilizing conventional deposition proc- 
esses well known to those skilled in the art. The amor- 
phous silicon may be undoped or doped with a specific 
30 dopant type which is the same as the source/drain dif- 
fusions of the array MOSFETs. If undoped, the amor- 
phous silicon may be subsequently doped by a variety 
of processes well known to those skilled in the art. The 
structure thus obtained is then planarized by conven- 
es tional planarization techniques like the ones mentioned 
above. The planarized filled trench capacitor structure 
is shown in Fig. 1(e). 

[0029] The capacitor structure of the present inven- 
tion containing a metallic nitride as part of a capacitor 

40 electrode in the lower region of the trench has substan- 
tially reduced series resistance as compared to compa- 
rable structures that do not contain such a metallic ni- 
tride layer therein. Typically, the present invention is ca- 
pable of reducing the series resistance caused by the 

45 deep trench as much as 1 0OOx for a given trench geom- 
etry/ground rule Alternatively, the present invention 
may be used to create capacitor structures with even 
smaller ground rules which have series resistance sim- 
ilar to wider capacitors. 

50 [0030] The capacitor structures of the present inven- 
tion may be used in DRAM memory cells such as the 
one shown in Fig. 2 or in other integrated circuit devices. 
Specifically, the memory cell in Fig. 2 comprises the ca- 
pacitor structure shown in Fig. 1(e) as well as n-band 

55 region 30, p-well 32, shallow trench isolation region 34, 
buried strap region 36, array implant 38, gate conductor 
region 40 and array conductor region 42. 
[0031] The memory cell device shown in Fig. 2 may 
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be fabricated utilizing the method of the present inven- 
tion in combination with other manufacturing steps to 
form shallow trench isolation, gate conductor regions 
and other memory cell components, which other manu- 
facturing steps are well known to those skilled in the art. 
The formation of n-band regions is discussed in Euro- 
pean Published Patent Application 0822599, published 
Feb. 4, 1 998. Examples of those manufacturing steps 
are disclosed in the above mentioned Patent documents 
and/or are otherwise known to those skilled in the art. 
[0032] In addition to memory cells and the manufac- 
ture thereof, the capacitor structures and manufacturing 
techniques of the present invention may also be useful 
in conjunction with other integrated device structures 
and device manufacturing techniques. 



Claims 

1. A method of fabricating a deep Irench capacitor 
structure, said method comprising the steps of: 

(a) providing a semiconductor substrate (10) 
having (i) a deep trench region therein, said 
deep trench (16) having an upper region (16a) 
and a lower region (16b), (ii) at least one pad 
layer (1 4) formed on a surface of said semicon- 
ductor substrate, said pad layer being adjacent 
to said deep trench region, (iii) a first node elec- 
trode (18) in said semiconductor substrate 
about said lower region of said deep trench, 
and (iv) a conformal node dielectric (20) lining 
said deep trench at said first node electrode; 

(b) forming a doped polysilicon (22) on said 
node dielectric: 

(c) forming a layer of a metallic nitride (24) on 
said doped polysilicon; 

(d) planarizing the structure resulting from step 
(c) stopping at said pad layer; 

(e) removing said node dielectric, said doped 
polysilicon and said metallic nitride from a por- 
tion of said upper region of said deep trench to 
form a recess; 

(f) filling said recess formed in step (e) with 
amorphous silicon (28); and 

(g) planarizing said structure formed in step (f) 
stopping at said pad layers. 

2. A method as claimed in Claim 1 wherein said me- 
tallic nitride (24) has a resistivity of from about 1 to 
about 1000 uohm-cm. 

3. A method as claimed in Claim 1 wherein said me- 
tallic nitride (24) is TiN, TaN, TaSiN or WN. 

4. A method as claimed in Claim 1 wherein a void (26) 
is formed during step (c). 
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5. A method as claimed in Clajm 1 wherein said deep 
trench (16) has a depth of from about 3 to about 10 
urn. 

5 6. A method as claimed in Claim 1 wherein said upper 
region (16a) of said trench is narrow as compared 
with the lower region (16b) of said trench. 

7. A method as claimed in Claim 1 wherein said amor- 
10 phous silicon layer (28) is doped or undoped with a 

dopant atom. 

8. A capacitor structure in a semiconductor substrate 
(10), said capacitor structure comprising (a) a sem- 
is iconductor substrate having a deep trench region 

(16) therein; (b) a first node electrode (18) in said 
semiconductor substrate about the exterior of said 
trench region; (c) a node dielectric layer (20) lining 
said trench and covering said first node electrode; 
20 and (d) a second node electrode comprising doped 
polysilicon (22) and a metallic nitride (24) material 
conformal to an interior wall of said trench over said 
node dielectric. 

25 9. a capacitor structure as claimed in Claim 8 wherein 
said upper region (16a) of said trench is narrow as 
compared with the lower region (16b) of said trench. 

10. A capacitor structure as claimed in Claim 8 wherein 
30 said deep trench (16) has a depth of from about 3 

to about 1 0 pirn. 

11 . A capacitor structure as claimed in Claim 8 wherein 
said metallic nitride (24) has a resistivity of from 

35 about 1 to about 1000 u.ohm-cm. 

12. A capacitor structure as claimed in Claim 8 wherein 
said metallic nitride (24) is TiN, TaN, TaSiN or WN. 

40 13. A capacitor structure as claimed in Claim 8 wherein 
a portion of said upper region (16a) of said trench 
is void of said node dielectric (20), said doped poly- 
silicon (22) and said metallic nitride (24). 

45 14. A capacitor structure as claimed in C laim 1 3 where- 
in said void is filled with amorphous silicon (28) 
which is doped or undoped. 

15. A memory cell device comprising the trench capac- 
50 rtor structure of Claim 8. 



55 



nisj.Qnnr.in- <-pd oqrmr^a? i -» 



5 



EP0 981 164 A2 



16 




BNSDOCID: <EP 0981164A2_L> 



6 



EP0 981 164 A2 



22 22 
20 ) 24 ( 20 




BNSDOCID:<EP 09BU64A2 i > 



7 



EP 0 981 164 A2 




FIG. 2 



BNSDOCID:<EP 0981164A2 I > 




innniniiiuniiDi 

0 Publication number: 0 495 991 A1 



© EUROPEAN PATENT APPLICATION 

published in accordance with Art. 
158(3) EPC 

Application number 91913670.5 © Int. CI. 5 : H01 L 27/1 15 

<g) Date of filing: 06.08.91 

® International application number: 
PCT/JP91/01050 



@ International publication numben 
WO 92/02955 (20.0&92 92/05) 



(§) Priority: 07.08.90 JP 208968/90 


© Applicant: SEIKO EPSON CORPORATION 


4-1, Nishishinjuku 2-chome 


© Date of publication of application: 


Shinjuku-ku Tokyo 163(JP) 


29.07.92 Bulletin 92/31 






© Inventor: TAKENAKA, KazuhJro, 3-5, Owa 


® Designated Contracting States: 


3-chome 


DE FR GB IT NL 


Suwa-shi 




Nagano-ken 392(JP) 




© Representative: Bosottl, Luciano etal 




c/o Jacobaccl-Casetta & Peranl S.p.A. Via 




Alfleri, 17 




1-10121 Torino(IT) 



© SEMICONDUCTOR DEVICE. 



© A structure of a ferroelectric capacitor (C) is 
provided on a source region (24) between a gate 
electrode (23) and a local oxide film (26). The ca- 
pacitor (C) has a ferroelectric film (29) sandwiched 
between an upper electrode (32) and a lower elec- 
trode (28), and a film (31) for preventing oxygen 
*T % from diffusing between the lower electrode (28) and 
^ a first interlayer insulating film (30). The film (31) is 
i— made of SiN or SiON. Even if for the purpose of 
JJJ transforming the crystallinity of the ferroelectric film 
m (29) it is subjected to an oxygen annealing treat- 
Ifl ment,. oxygen is blocked by the film (31). Therefore, 
2 the variation of the threshold voltage and the in- 
crease of the leakag current of a transistor scarcely 
O occur. Thereby, the degree of freedom of setting the 
f% condition of forming ferroelectric film increases, and 
LU a ferroelectric memory of high performance and of 
large scale integration can be formed. 
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FIELD OF THE INVENTION 

The present invention relates to a s miconduc- 
tor device provided with ferroelectric materials such 
as a ferroelectric capacitor etc. which can be ap- 
plied to a nonvolatile memory or the like. 

BACKGROUND OF THE INVENTION 

A nonvolatile memory using ferroelectric ma- 
terials which can reverse its polarization according 
to polarities of voltage applied thereto has, in prin- 
ciple, the same writing and reading times. Further, • 
at a quiescent or non-operative state (at backup 
time) - the afore-mentioned nonvolatile memory 
keeps polarization (residual polarization), even If no . 
voltage is applied thereto. Therefore, it has been 
regarded as an ideal nonvolatile memory. 

Conventionally, there has been proposed var- 
ious kinds of semiconductor nonvolatile memories 
using ferroelectric capacitors such as disclosed in 
the specification of US Patent No. 4,149,302 that 
has a construction in which on a silicon (Si) sub- 
strate ferroelectric capacitors are integrated, also 
such as disclosed in the specification of US Patent 
No. 3,832,700 that has a construction which is 
composed by disposing ferroelectric films on the 
gate electrode of a MIS-type transistor. 

A nonvolatile memory cell comprises, in gen- 
eral, as shown in Fig. 9, an N-type transistor Tr 
which has a gate electrode G connected to a word 
line W, a drain electrode D connected to a bit line 
B and a source electrode S connected to one 
electrode of a ferroelectric capacitor C, the other 
electrode of the ferroelectric capacitor C being 
connected to a plate line P. 

As a practical semiconductor construction of 
such a memory cell, recently, such a semiconduc- 
tor construction as shown in Fig. 10 has been 
proposed. The semiconductor construction shown 
in Fig. 10 comprises an N-type MOS transistor Tr 
which has a gate electrode 3 of a polysilicon 
(polycrystal silicon) formed through a gate oxide 
film 2 on a P-type silicon substrate 1, source and 
drain zones 4 and 5 of an N-type high concentra- 
tion formed in the silicon substrate 1 by using a 
. self-aligning diffusion technique, and a ferroelectric 
capacitor C formed on an interlayer insulation film 
7 such as phosphoric glass etc. disposed between 
layers on a local oxide film (LOCOS) 6 for isolating 
elements, wherein the ferroelectric capacitor C on 
the interlayer insulation film 7 is composed of a 
lower electrode 8 made of such as platinum (Pt) 
etc., a ferroelectric film 9 such as PZT etc. and an 
upper electrode 10 of Aluminum (Al) stacked in that 
order. The source zone which is a high concentra- 
tion diffusion region and the upper electrode 10 are 
connected to each other with a wiring. 12 made of 



Al through a contact hole 11. The r ference num- 
ber 13 indicates a second interlayer insulation film 
mad of phosphoric glass and th like. 

The ferroelectric substance is made of an ox- ', 

s ide, so that to improve crystallization thereof tt is 
necessary to carry out oxygen annealing of the 
ferroelectric film 9 after it has been formed. Oxy- 
gen annealing improves crystallization of the high 
dielectric film. However, in the transistor part oxy- 

10 gen diffuses down to the interface of silicon to 
generate an interface state which results in varying : 
the threshold voltage and/or increasing leak current- 
in the source and the drain diffusion layers. . 
In addition, as shown in Fig. 10, in the cori- 

rs struction of the ferroelectric capacitor. C formed oh ■ 
the interlayer insulation film 7 on the local oxide : ": 
film 6, the ferroelectric capacitor C is formed by 
: effectively utilizing a space on the local oxide film 
6, but the length between the source zone 11 and 

20 the upper electrode 10 and that of the wiring 12 
from the upper electrode 10 to a plate line P are - 
too prolix, which results in the increasing of an area 
to be occupied by the memory cell. Then, the 
present inventor has manufactured for trial a mem- 

25 ory cell structure in which, as shown in Fig. 1 1 , the 
ferroelectric film 9 is directly accumulated over the 
source zone 4. In this structure an upper electrode 
wiring 14 of polysilicon is formed on the ferroelec- 
tric film 9, and through a contact hole being 

30 opened in an interlayer insulation film 15 of phos- 
phoric glass and the like, the lower electrode 8 
made of material such as Pt is formed. However, 
even in such a structure, after the ferroelectric film 
9 has been formed, it is necessary to carry out 

35 oxygen annealing of the film to improve crystalliza- 
tion of the film thereby enhancing relative dielectric 
constant Es. However, once the oxygen annealing 
was carried out as mentioned the above, there 
occurred a change of the threshold voltage of the 

ao transistor and/or the increase of leak current. Thus, 
normal operation of the memory could not be ex- 
pected. 

With the afore-mentioned reasons, in the struc- 
tures shown in Figs. 10 and 11, there still remains 
45 a problem that the function of the ferroelectric 
substance cannot be compatible with that of the 
transistor. 

In view of the aforesaid problems of the con- 
ventional devices, the object of the present inven- 
50 tion is to provide a semiconductor device compris- 
ing a ferroelectric substance having a structure in 
• which the function of a transistor can be achieved 
without impeding the function of a nonvolatile 
memory having a ferroelectric substance therein. 

55 

. DISCLOSURE OF THE INVENTION 

The present invention is, fundamentally, to pro- 



vide a formation or structure having a ferroelectric 
substance on the principal surface or on the insid 
of a s miconductor body or semiconductor sub- 
strate. A typical semiconductor substrate is silicon. 
Also, the present invention is applicable to semi- 
conductor bodies which have a bonding property 
with oxygen such as compound semiconductors of 
GaAs, for example. Regions of the structure where 
the ferroelectric substance is formed may be intrin- 
sic semiconductor regions and/or N-type or P-type 
impurity diffusion regions or zones. As the impurity 
diffusion zone, a source zone or a drain zone of a 
MIS-type transistor and diffusion zones for the 
three electrodes of. a bipolar transistor are typical 
examples. The ferroelectric substance formation 
can be achieved not only over an active region of 
an active element, but also over each of the re- 
gions of a passive element such as, for example, a 
diffusion resistant layer, a stopper region etc. Of 
course, it can be realized to form a structure of a 
ferroelectric capacitor in a stacking manner over an 
isolation region and over the diffusion region, and it 
is also possible to realize the structure having the 
ferroelectric substance even in a trench. That is, 
the present invention takes measures to adopt a 
construction in which an oxygen-diffusion prevent? 
ing film is held between a semiconductor body and 
an electrode of a ferroelectric substance. In other 
words, the present invention adopts a laminated- 
layers structure in which a semiconductor body, an 
oxygen-diffusion preventing film, an electrode and 
a ferroelectric film are sequentially laminated. As a 
ferroelectric substance, PbTiOa, PZT (PbTiOa, 
PbZrOa) or PLZT (La, PbTi0 3 , PbZr0 3 ) etc. are 
used, and these kinds of high ferroelectric films are 
formed by, for example, a sputtering process, and 
then, for improving dielectric constant etc., it is 
necessary to carry out an oxygen annealing pro- 
cess. The electrode of the ferroelectric film may be 
formed of, for example, Pt or Pd, and further, it is 
preferable to use Pt which has a lattice constant 
being near that of a crystal of the ferroelectric 
substance. 

The oxygen-diffusion preventing film is a film 
that comprises as the principal component silicon 
nitride such as, for example, SiN, SiON, etc. A film 
having as the principal component silicon oxide 
may be interposed between the oxygen-diffusion 
preventing film and the electrode. In this silicon 
oxide film impurities such as phosphor, boron, gal- 
lium, arsenic, etc. may be included. The construc- 
tion in which the oxygen-diffusion preventing film is 
interposed between the semiconductor body and 
the electrode prevents oxygen from being diffused 
to the interface of the semiconductor body during 
the afore-mentioned oxygen annealing process, 
and also prevents oxygen from being diffused to 
the silicon interface, to thereby hinder the genera- 



tion of variation of the threshold voltage and a 
leakage current. As a result of this, it can be 
attained that both functions of the ferroelectric sub- 
stance and the transistor are compatible, so that a 

s ferroelectric memory can be realized. 

In addition, according to the second structure 
of the . present invention, the afore-mentioned 
oxygen-diffusion preventing film is contacted with 
the silicon interface at a connecting hole position 

w for connecting the film to the diffusion layers 
formed at the semiconductor substrate. The struc- 
ture aims to prevent oxygen from being diffused 
from the connecting hole position. 

According to the construction of the semicon- 

75 ductor device of the present invention, it adopts a 
stacked structure in which a semiconductor body, 
an oxygen-diffusion preventing film, an electrode 
and a ferroelectric film are sequentially formed. 
The oxygen-diffusion preventing film prevents diffu- 

20 sion of oxygen into a silicon interface and, accord- 
ingly, the diffusion of oxygen into the interface of 
the semiconductor is prevented during the oxygen 
annealing process. Thus, evil effect of the anneal- 
ing process on a transistor can be prevented. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a main sectional view of a first embodi- 
ment of the present invention; 
30 Fig. 2 is a main sectional view of a second 
embodiment of the present invention; 
Fig. 3 is a main sectional view of a third em- 
bodiment which is a modification of the present 
invention; 

35 Fig. 4 is a main sectional view of an embodi- 
ment which is another modification of the 
present invention; 

Fig. 5 is a main sectional view of a fifth embodi- 
ment of the second means of the present inven- 

40 tion; 

Fig. 6 is a main sectional view of a sixth em- 
bodiment of the present invention; 
Fig. 7 is a main sectional view of a seventh 
embodiment of the present invention; 

45 " Fig. 8 is a main sectional view of a eighth 
embodiment of the second structure of the 
present invention; 

Fig. 9 is a circuit view showing a nonvolatile 
memory; 

so Fig. 10 is a main sectional view showing a 
semiconductor device comprising a ferroelectric 
capacitor relating to the conventional art; and 
Fig. 1 1 is a main sectional view showing another 
semiconductor device comprising a ferroelectric 

55 capacitor according to the conventional art. 

THE PREFERRED FORMS FOR CARRYING OUT 
THE INVENTION 
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Referring to the accompanying drawings, 
hereinafter, the present invention will be .described 
in detail. 

Fig. 1 is a main sectional view showing a 
semiconductor device provided with a ferroelectric 
capacitor relating to the first embodiment of the 
present invention. 

The present semiconductor device is a non- 
volatile memory, and its equivalent circuit has a 
memory cell as shown in Fig. 8. In this embodi- 
ment, a P-type silicon substrate 21 made of a 
wafer having specific resistance 20 ohm.cm is 
used. On the substrate structures of a N-type MOS 
transistor Tr and a high ferroelectric capacitor C 
are formed. As is well known, a semiconductor 
structure of the N-type MOS transistor Tr com- 
prises a gate electrode 23 made of phosphor- 
doped polysilicon on a gate insulation film (silicon 
oxide film) 22 formed on the silicon substrate 21, a 
source region 24 and a drain region 25 which are 
N-type diffusion regions of a high impurity con- 
centration. The diffusion regions are formed in the 
substrate by an ion implantation of phosphor under 
a condition of 80' KV and 5 x 10 15 /cm 2 while using 
the gate electrode 23 as a mask with a self-aligning 
manner. To the drain region 25 a wiring electrode 
27 of. Al formed by depositing method or sputtering 
method through a contact hole is. connected. The 
reference number 26 indicates a local oxide film 
(LOCOS) for isolation and has a thickness of about 
600 hm. Further, the reference number 30 indicates 
a first interlayer insulation film and 33 a second 
interlay er insulation film. For example, both of them 
are made of phosphoric glass having a thickness of 
about 400 nm formed by a CVD technique. 

In this embodiment, the structure of the fer- 
roelectric capacitor C is provided on the source 
region 24 between the gate, electrode 23 and the 
local oxide film 26 is provided. The capacitor C 
may be called ferroelectric substance forming 
structure. This structure has a basic ferroelectric 
film 29, and an upper electrode 32 and a lower 
electrode 28, both being electrode layers which 
hold the basic ferroelectric film 29 between them, 
and the structure also, has an oxygen-diffusion pre- 
venting film 31 situated between areas except for a 
part of the lower electrode 28 which contacts with 
the source diffusion layer and the first interlayer 
insulation film 30. The ferroelectric film 29 is 
formed by using a material such as PbTiOa, PZT 
(PbTiOa, PbZr0 3 ), PLZT (La, PbTi0 3 , PbZr0 3 ) or 
the like. The film is formed to a thickness of about 
500 nm by a sputtering method. The upper elec- 
trode is formed, as an example, by. vapor deposi- 
tion or sputtering of Aluminum (Al) having a low 
specific resistance. Platinum (Pt) or Palladium (Pd) 
is used for forming the lower electrode 28. The 
electrode is formed, for example, by a sputtering 



method to a thickness of 300 nm. In the case of 
using Platinum (Pt) for making the lower electrode 
28, since it has a lattice constant close to that of 
PbTi03, PZT or PLZT used for ferroelectric film 29. 

5 Therefore, when the ferroelectric film 29 is sub- 
jected to an oxygen annealing process, its crystai- 
linity is simultaneously improved, and thus good 
electric conductivity can be obtained. The oxygen- 
diffusion preventing film 3t interposed between the 

10 first interlayer insulation film 30 and the lower elec- 
trode 28 is a film such as a SiN film, SiON film, 
etc. having silicon nitride as a principal ingredient, 
and is, as one example, ' formed to a thickness of 
50 nm by a gas phase growth method. 

75. A method for forming a semiconductor device 
including such a ferroelectric capacitor comprises 
the steps of forming the oxygen-diffusion prevent- 
ing film 31 by using a vapor phase growing pro- 
cess after forming the first interlayer insulation film 

20 30 which covers over the source region 24, forming 
a contact hole through the first interlayer insulation 
film 30 and the oxygen-diffusion preventing film 31, 
laminating or stacking each of the lower electrode 
28 and the ferroelectric film 29 by using a sputter- 

25 ing process, respectively, forming predetermined 
patterns of the electrode and the film by the con- 
ventional photolithography technique, and etching 
the lower electrode 28 and the ferroelectric film 29 
by using, for example, the conventional ion milling 

30 technique. Then, the whole surface of the obtained 
structure is covered with the second interlayer in- 
sulation film 28, and thereafter, the upper electrode 
32, its wiring (the plate line) and the drain electrode 
wiring 27 are formed by using the conventional 

35 photo-etching technique. 

As described above, upon the source region 24 
the ferroelectric capacitor C is stacked via the 
conductive, reactiob-preventing layer 31 acting as a 
reaction preventing layer. Accordingly, an occupied 

40 area of the wiring place between the source region 
24 and the lower electrode 28 can be effectively 
saved, so that a reduction of an area of a cell has 
been successfully realized. In addition, since an 
oxygen-diffusion preventing film is formed on the 

45 transistor part, a ferroelectric memory free from the 
variation of the threshold voltage and the increase 
of leaking current can be formed. 

In the afore-mentioned manufacturing pro- 
cesses, the ferroelectric film 29 is formed, and then 

so subjected to a heat treatment (oxygen annealing 
process) in an atmosphere including oxygen. This 
treatment is carried out for improving crystallinity of 
the ferroelectric film 29 to enhance the specific 
dielectric constant Es thereof, for example, up to a 

55 value more than 1000. 

In a non-volatile memory having a conventional 
ferroelectric capacitor structure with no oxygen- 
diffusion preventing film 31, as shown-in Fig. 9, the 



4 



7 



EP 0 495 991 A1 



.8 



number of times of information rewriting was 10 x 
10 s since no oxygen annealing process could be 
carried out at high temperatures. However, accord- 
ing to the present embodiment, a SiN film . is used 
as the oxygen-diffusion preventing film and thus 
more than a 500 * C oxygen annealing could be 
done, so that the number of times of information 
rewriting reached up to 10 x 10 9 . The specific 
dielectric constant Es of the ferroelectric film be- 
comes a value of around 1500. 

As described above, the advantages of con- 
structing the ferroelectric capacitor C upon the 
source region 24 as a vertical structure reside not 
only in reducing the area occupied by a cell, but 
also reducing one of the contact portions with the 
electrode (contact resistant portions) in comparison 
with the conventional structure as shown in Fig. 10. 
This could be achieved substantially by excluding 
the wiring 12 shown in Rg. 10. That is, it results in 
reducing the time for writing and reading. informa- 
tion. In addition, as can be clearly understood by. 
comparing Fig. 1 and.Fig. 10, the upper electrode 
10 in Rg. 10 corresponds topologicaily to the lower 
electrode 28 of the present invention, and the lower 
electrode .8 in Rg. 10 corresponds topologicaily to 
the upper electrode 32 of the present invention: In 
the present invention it is preferable to select Pt as 
a material for the lower electrode 28, while Pt has 
larger specific resistance compared with that of Al. 
However, the lower electrode 28 of the present 
invention is thin in film thickness and has a wider 
contacting area than that of the contact hole. Ac- 
cordingly, resistance values between the source 
region 24 and the ferroelectric capacitor C are 
substantially no problem. It is also possible to form 
the upper electrode 32 serving as the plate line P 
and its wiring of Aluminum. This is because of the 
plate line P being able to form over the ferroelec- 
tric film 29. For this reason, fluctuation of the plate 
voltage in each of cells is improved remarkably in 
comparison with the conventional cells. Further, in 
a conventional art, a ferroelectric capacitor C is 
stacked vertically over a LOCOS film, and there 
has been a problem with step coverage. However, 
in the present invention, since the ferroelectric ca- 
' pacitor is formed at both sides of the gate elec- 
trode 23, step coverage can be improved. 

Rg. 2 is a sectional view showing a principal 
part of a semiconductor device provided with a 
ferroelectric capacitor relating to the second em- 
bodiment of the present invention. Please note in 
this figure that the same, reference numeral is given 
to each of the same parts shown in Fig. 1, and the 
explanation for each of them is abbreviated. Also, 
in this embodiment the ferroelectric capacitor C is 
stacked over the source region 24. In this embodi- 
ment an oxygen-diffusion preventing film 35 is in- 
terposed between .the first interlayer insulation film 



30 and a third interlayer insulation film 36 made of 
such as phosphor glass etc. The primary object f 
this third interlayer insulation film 36 lies in reliev- 
ing stress between the lower electrode 28 and the 

5 ^oxygen-diffusion preventing film 35, and improving 
adhesion therebetween. The third interlayer insula- 
tion film 36 may be formed by silicon oxide ; not 
including any impurity. However, it may be prefer- 
ably formed by phosphoric glass in which the con- 

w . tent of phosphor having a lower softening tempera- 
ture is more than 1 %, boronic glass haying more 
than 1 % boron or silicon oxide including other 
impurities. The reason why the above-mentioned 
can be achieved lies in relieving stress by soften- 

rs ing it in an annealing process. In the second em- 
bodiment, for example, the first interlayer insulation 
film was made to a thickness of 200 nm, that of the 
oxygen-diffusion preventing film was to 50 nm, and 
the thickness of the third interlayer insulation film 

20 was formed to 200 nm. Both in the first and second 
embodiments, even if a thickness other than those 
herein described, there is no problem. 

Rg. 3 is a main sectional view showing a 
semiconductor device provided with the ferroelec- 

25 trie capacitor having to do with the third embodi- 
ment which is a modification of the present inven- 
tion. The third embodiment is an example of an 
applied form of the first embodiment, and in the 
third embodiment a lower electrode 37 is PtSi, TiSi, 

30 etc., formed over only the contact hole bored over - 
the source diffusion layer 4. In this case an 
oxygen-diffusion preventing film 29 and the first 
interlayer insulation film 30. 

Fig. 4 is a main sectional view showing a 

35 semiconductor device having a ferroelectric capaci- 
tor relating to a fourth embodiment which is an- 
other modification of the present invention. The 
fourth embodiment is a modification of the second 
embodiment in which the lower electrode 37 is 

40 PtSi, TiSi, etc., formed only over the contact hole 
bored over the source diffusion layer 4, In this case 
an oxygen-diffusion preventing film 39 is formed on 
the first interlayer insulation film 30, and a third 
interlayer insulation film 40 is formed between the 

45 ferroelectric film 29 and the oxygen-diffusion pre- 
venting film 39. This construction is applicable to 
the present invention. 

Fig. 5 is a main sectional view showing a 
semiconductor device with the ferroelectric capaci- 

50 tor which relates to a modification of the. first em- 
bodiment to which the second structure of the 
present invention is applied. Even in this embodi- 
ment the ferroelectric capacitor C is also formed on 
the source region 24 in a stacked manner. In this 

55 embodiment an oxygen-diffusion pr venting film 50, 
is, same as that of the first embodiment, held 
between the first interlayer insulation film 30 and 
the lower electrode 28. The subject of the second 
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structure of the present invention lies in that the 
oxygen-diffusion preventing film 50 is contacted 
with the drain diffusion layer 25 and the source 
diffusion layer 24 at portions 51, 52, 53 and 54 of 
the contact hole. By adopting such construction as 
described above, in. the' case of an oxygen anneal- 
ing process, diffusion of oxygen from the contact- 
ing hole to the transistor parts is more completely 
prevented, so that the transistor properties, such as 
stability of threshold voltage and prevention of cur- 
rent leaking, can be extremely enhanced. 

The embodiment shown in Rg. 5 is. one em- 
bodiment in which the second structure of the 
present invention is applied to the first embodi- 
ment, and it is needless to say that, of course, the 
second structure of the present invention can be 
applied to the second, third and fourth embodi : 
ments of the present invention. 

fig. .6 is a main sectional view showing a 
semiconductor device having the ferroelectric ca- 
pacitor relating to an embodiment to which the first 
structure of the present invention is applied to the 
construction of the cpriventional semiconductor de- 
vice. Over the isolation region 26 there are sequen- 
tially formed a first interlayer insulation film 61, an 
oxygen-diffusion preventing film 60, a lower elec- 
trode 68 and a ferroelectric film 69 in a stacked 
manner. That is, the oxidation-preventing film 60 is 
held between the lower electrode 68 and the first 
interlayer insulation film 61 . The upper electrode 62 
is connected with the source diffusion layer by a 
wiring electrode 63. The first interlayer insulation 
film 61 is formed with a phosphoric glass of 300 
nm in thickness, and the oxygen diffusion film 60 is 
formed with a SiN film of 50 nm in thickness. In the 
case where the present invention is applied to such 
conventional construction, if an oxygen annealing 
process is carried out for improving crystal linity of 
the ferroelectric film, oxygen diffusion to the tran- 
sistor parts can be prevented, and a ferroelectric 
film, having excellent characteristics, and a transis- 
tor can be formed on the same substrate.. In addi- 
tion, as can be understood from its sectional struc- 
ture, an opening of a contact hole 64 to the source 
diffusion layer 24 is made after a lower electrode 
68 and a ferroelectric film 69, having been formed, 
so that the annealing process for improving crystal- 
linity of the ferroelectric film 69 can be carried out 
before the contact hole is formed. That is, in a 
state that the transistor parts have been wholly 
coated by the oxygen-diffusion preventing film 60 
the oxygen annealing process can be performed. 

Accordingly, there is no need for paying atten- 
tion to a negative influence on the transistor parts 
caused by the oxygen annealing process. Actually, 
an annealing process was carried out with the 
following conditions, that is, the lower electrode 68 
Pt having a thickness of 30 nm is used, the fer- 



roelectric film PZT having a thickness of 500 nm is. 
used and oxygen annealing at temperature of 700 
\ * C results in a relative dielectric constant of 1850 
arid a value of residual polarity : 1-3. 

5 micrchcoulomb/square cm. 

Rg. 7 shows a main sectional structure of a 
semiconductor provided with a ferroelectric capaci- 
tor relating to a seventh embodiment in which the 
- first structure of the present invention is applied to 

to the conventional construction. Over isolation region 
26 the first interlayer insulation film 61, the oxygen- 
diffusion preventing film 60, the third interlayer 
insulation film 65 made of, for example, phosphoric 
glass, the lower electrode 68 and the ferroelectric 

rs film 69 are stacked. That is, the oxygen-diffusion 
preventing film 60 is held between the first inter- 
layer insulation film 61 and the third interlayer 
insulation film 65, and the lower electrode 68 is 
formed over the third interlayer insulation film 65. 

20 The upper electrode 62 is connected with the . 
source diffusion layer by the wiring electrode 63. 
The first interlayer insulation film 61 is formed with 
a phosphoric glass of the thickness of 300 nm, the 
oxygen-diffusion preventing film 60 is a SiN film of 

25 a thickness of 50 nm is formed and the third 
interlayer insulation film 65 is made with a phos- 
phoric glass which includes phosphor of 2 % and 
has a thickness of 300 nm. The third interlayer 
insulation film 61 may be silicon oxide including no 

30 impurity, the same as the second embodiment of 
the present invention shown in Rg. 2. However, it 
is more preferable to select phosphoric glass which 
includes phosphor more than 1 % which has a 
lower softening temperature, boronic glass contain- 

35 ing phosphor and boron more than 1 % and silicon 
oxide including other impurities. One of the objects 
of the third interlayer insulation film 65 lies, the 
same as. the case of the second embodiment, in 
relieving stress in the annealing process. Actually, 

40 in the case of adopting a construction of the afore- 
mentioned film thickness, there occurred no prob- 
lem up to a temperature of 900 * C in which stress 
caused by wrong adhesion resulted. 

Rg. 8 is a main sectional view of a semicon- 

45 ductor device that has a ferroelectric capacitor 
which relates to the embodiment in which the sec- 
ond structure of the present invention is applied to 
the sixth embodiment. An oxygen-diffusion prevent- 
ing film 80 contacts with the silicon interface at. 

so contacting points 83, 84, 81 and 82 to the source 
diffusion layer 64 and the drain diffusion layer 65, 
respectively. This is effective when an annealing 
process including some oxygen is carried out after 
a contact hole has been bored. 

55 Rg. 8 is an example of the second structure of 
the present invention being applied to the sixth 
embodiment, of course, it is needless to say that 
this can be . applied to the seventh embodiment of 
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the present invention. 

. '. With respect to the afore-mentioned ferroelec- 
tric formations on a diffusion region or the sub- 
strate, the descriptions have been given mainly 
regarding the nonvolatile memory means, {^addi- 
tion, it is needless to say that they can be applied 
to other types Of memory means (DRAM) which 
utilize large relative dielectric constant, and also 
they can be applied to a circuit network which 
requires high capacitance. Descriptions have been 
given regarding the ferroelectric film as a material 
to construct a capacitor. Of course, it is also possi- 
ble to apply the present invention to a case in 
which memory means are to be constructed by 
using SrTi03, having a large relative dielectric con- 
stant, and oxide films having a ferroelectric con- 
stant such as Ta^Os, for these materials require to 
be subjected to an oxygen annealing process. 

APPLICABILITY IN THE INDUSTRY 

As described above, the semiconductor device 
having provided therein a ferroelectric substance 
relating to the present invention provides formative 
construction of a ferroelectric substance at the 
main surface of silicon substrate etc. or on the 
inside thereof. A ferroelectric substance structure 
can be formed to such a body having an oxygen- 
bonding property. A zone or region where a struc- 
ture having the ferroelectric substance formed may 
be an intrinsic semiconductor, or an N- or P-type of 
an impurity diffusion region. According to the 
present invention, not only on an active zone or a 
region of an active element, but also on each .of the 
zones or regions of passive elements, such as a 
resistant diffusion layer, a stopper region, etc. the 
ferroelectric formative construction can be realized. 
Typical examples of them are a source region or a 
drain region of a MIS-type transistor, impurity diffu- 
sion regions of the three electrodes of a bipolar 
transistor, etc. It is, of course, possible to realize a 
ferroelectric capacitor construction over a diffusion 
region in a stacked manner, and even .in a trench a 
ferroelectric formative construction can be realized.. 
The semiconductor device according to the present 
invention is quite suitable to be applied to a non- 
volatile memory means of which a highly integrated 
one has been required. 

Claims 

1. A semiconductor device comprising a ferro- 
electric film or a high dielectric constant film 
formed as an elemental component via an 
electrode on a diffusion layer formed on the 
principal surface or in the inside of the base of 
a semiconductor body which has an oxygen 
bonding property, which is characterized in 



that; 

excepting planes which contact* with said 
diffusion layer and said electrode at least one 
part on the surface or in the inside of said 
5 semiconductor body an oxygen-diffusion pre- 
venting film is formed at the lower layer-posi- 
tion than said ferroelectric film or said film 
having a high dielectric constant. 

io 2. A semiconductor device according to claim 1, 
which is characterized in that said oxygen- 
diffusion preventing film is a silicon nitride film, 
a nitride oxide film or that of mixture of them. 

is S. A semiconductor device comprising a ferro- 
electric film or a high dielectric constant film 
formed as an elemental component via an 
electrode on a diffusion layer formed on the 
principal surface or in the inside of the base of 

20 a semiconductor body which has an oxygen 
bonding property, which is characterized in 
that; 

excepting planes which contact with said 
diffusion layer and said electrode at least one 

25 part on the surface or in the inside of said 
semiconductor body an oxygen-diffusion pre- 
venting film is formed at the lower layer-posi- 
tion than said ferroelectric film , or said , film 
having a high dielectric constant, and that on 

30 said oxygen-diffusion preventing film a stress 
relieving insulation film the chief ingredient of 
which is silicon oxide is formed. 

4. A semiconductor device according to claim 3, 
35 which is characterized in that, said oxygen- 
diffusion preventing film is a silicon nitride film, 
a nitride silicon oxide film, or that of mixture of 
them, arid said stress relieving insulation film 
is a silicon oxide film which includes any one 

40 of phosphor, boron, gallium and arsenic more 
than 1 %. 

5. A semiconductor device according to any one 
of claims 1 , 2, 3 and 4, which is characterized 

45 in that said semiconductor device comprising a 
ferroelectric film or a high dielectric constant 
film formed as an elemental component via an 
electrode on a diffusion layer formed on the 
principal surface or in the inside of the base of 

so a semiconductor body which has oxygen 
bonding property, which is characterized in 
that; 

excepting planes which contact with said 
diffusion layer and said electrode at least one 
55 part on the surface or in the inside of said 

semiconductor body an oxygen-diffusion pre-, 
venting film is formed at the lower layer-posi- 
tion than said ferroelectric film or said film 
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having high dielectric constant, and that said 
oxyg n-diffusion preventing film contacts with 
said s miconductor body at a part of a con- 
tacting plane where said diffusion layer and 
said electrode contact with each other. 5 

6. A semiconductor device in which a transistor 
included as an active element and a capacitor ■ 
composed of a high dielectric constant film or 
a ferroelectric film are elemental components 
and said transistor and said capacitor are con- 
nected with each other by a wiring electrode 
on the principal surface or in the inside of a 
semiconductor body having oxygen-bonding 
property, which is characterized in that at least 
at a part of a region between the principal 
surface of said semiconductor and an elec- 
trode of said capacitor an oxygen-diffusion pre- 
venting film is formed. 

7. A semiconductor device according to claim 6, 
which is characterized in that said oxygen- 
diffusion preventing film is a silicon nitride film, 
a nitride silicon oxide film or that of mixture of 
them. 

8. A semiconductor device in which a transistor 
included as an active element and a capacitor 
composed of a high dielectric constant film or 
a ferroelectric film are elemental components 
and said transistor and said capacitor are con- 
nected with each other by a wiring electrode 
on the principal surface . or in the inside of a 
semiconductor body having oxygen-bonding 

. property, which is characterized in that at least 
at a part of a region between the principal 
surface of said semiconductor and an elec- 
trode of said capacitor an oxygen-diffusion pre- 
venting film is formed, and that between said 
electrode and said oxygen-diffusion preventing 
film a stress relieving insulation film having 
silicon oxide as the chief ingredient is formed. 

9. A semiconductor device according to claim 8, 
which is characterized in that- said oxygen- 
diffusion preventing film is a silicon nitride film, 
a nitride silicon oxide film or that of mixture of 
them, and said stress relieving insulation film 
is a silicon oxide film including any of phos- 
phor, boron gallium and arsenic more than 1 
%. 

10. A semiconductor device in which an active 
element comprising a transistor and a capaci- 
tor element composed of a ferroelectric film or * ss 
a film having ferroelectric constant are con- . 
nected with each other by a wiring electrode 

on the main surface or in the. inside of a 



semiconductor base having oxygen combining 
property, according to any one of claims 6, 7, 
8 and 9, wherein a transistor included as an 
active element and a capacitor composed of a 
high dielectric constant film or a ferrbeleetric 
film are elemental components and said tran- . 
sistor and said capacitor are connected with 
each other by a wiring electrode on the princi- 



pal surface or in the inside of a semiconductor 
io body haying oxygen-bonding property, which 
is characterized in that at least at* a part of a 
region between the principal surface of said 
semiconductor and an electrode of said ca- 
pacitor an oxygen-diffusion preventing film is 
is formed, and that at least one part of said 
oxygen-diffusion preventing film contacts with 
said semiconductor base at a contact hole 
bored on the main surface of .said semiconduc- 
tor base. 

20 * 

11. A semiconductor device according to any- one 
of claims 1, 2, 3, 4, 5, 6, 7, 8, 9 and 10, which 
is characterized in that said ferroelectric film or 
said high dielectric constant film is PZT, PLZT, 
25 SrTiCh or TazOs. A semiconductor device ac- 
cording to claim 8, which is characterized in 
that said oxygen-diffusion preventing film is a 
silicon nitride film, a nitride silicon oxide film or 
that of mixture of them, and that said stress 
30 relieving insulation film is a silicon oxide film 
including any of phosphor, boron, gallium or 
arsenic more than 1 %. 
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